Purpose: To evaluate the effects of 1,25 dihydroxy vitamin D3 (1,25(OH) 2 D 3 ) on the content of triglyceride (TG), as well as on the gene and protein expressions of adiponectin receptor 2 (AdipoR2), p38 mitogen-activated protein kinase (P38MAPK), and lipoprotein lipase (LPL) in the liver of rats with type 2 diabetes mellitus (T2DM) so as to provide theoretical basis for exploring the mechanism by which 1,25(OH) 2 D 3 regulates TG. Methods: Wistar rats were divided into four groups (n=25), with different treatments and detected the gene and protein expressions of AdipoR2, p38MAPK, and LPL in the liver tissue by reverse transcription polymerase chain reaction (RT-PCR) and Western blotting. Meanwhile, the content of TG in the liver tissue was detected by the Enzyme-linked immunosorbent assay. Results: The expression of AdipoR2, p38MAPK, LPL gene and protein in the liver of VitD intervention group was significantly higher than that in T2DM group (P <0.05), while the TG content was significantly lower than that in T2DM group (P <0.05). Conclusion: 1,25(OH) 2 D 3 can decrease the content of TG in the liver, and its mechanism may be achieved by upregulating the expressions of AdipoR2, p38MAPK, and LPL in the liver.
■ Methods
This study was carried out in strict accordance with the recommendations in the Guide for the Care and Use of Laboratory Animals of the National Institutes of Health. The animal use protocol has been reviewed and approved by the Institutional Animal Care and Use Committee (IACUC) of Zunyi Medical College.
A total of 100 clean-grade male Wistar rats (mean age of 6 weeks, and average body weight of 200.25 ± 10.76g) were purchased from the Harbin Veterinary Research Institute, CAAS (Certificate No.20020001 ) and bred at 20-25°C, 40% -60% humidity, 12/12 h day-night rhythm, and free access to food and drinking water.
Animal grouping and establishment of T2DM model
All rats were fed with normal fullvalence granular rat feedstuff for 2 weeks, and then grouped using random number table into Group CON, Group T2DM, Group VitD+DM, Group VitD+SB203580 (the inhibitor of p38MARK)+DM, with 25 rats in each group. Group T2DM was fed with high-fat highcholesterol diet (78.5% basal diet, 10.3% egg yolk powder, 10.0% lard oil, 0.8% cholesterol, and 0.4% bile salt) for 4 weeks, and after fasted for 16 hours, each rat was intraperitoneally injected streptozotocin (STZ, 0.5%, dissolved in citric acid buffer, pH7.2) and then tested the blood glucose at 7 am for 3 consecutive days. The rats with blood glucose >16.7 mmol/L for 3 consecutive days can be considered as successfully prepared the T2DM model. After preparing the model, Group T2DM, VitD+DM, and VitD+SB203580+DM were intraperitoneally injected with peanut oil (7 times, with the same amount as that injected in Group 1,25(OH) 2 D 3 . Group VitD+SB203580+DM was injected with P38MAPK inhibitor (SB203580, 10 mg/
■ Introduction
As a key link during the onset of type 2 diabetes mellitus (T2DM), insulin resistance (IR) plays vital roles in the occurrence and development of T2DM
1
. T2DM patients are often accompanied with lipid metabolism disorder, in which the level of free fatty acids (FFA) in the blood increases, so that excessive FFA will deposit in the target tissues of insulin, such as the adipose tissue, muscle, or liver, in the form of triglyceride (TG) and then cause IR
2
. Compared with patients only with hypercholesterolemia, patients with hypertrophic thyroidemia (HTG) have a higher incidence of IR, suggesting that HTG is the important pathophysiological basis and characteristics in the occurrence and development of diabetes 3, 4 . Vitamin D (VD) is a fat-soluble steroid hormone precursor, produced by the skin under sunlight or obtained through food, and can be transformed into its bioactive form, 1,25 dihydroxyvitamin D3 (1,25(OH) 2 D 3 ) in the liver and kidneys through a two-step continuous hydroxylation process. Its classic roles are reflected in regulating the metabolism of Ca, P, and bones 5 . However, recent years' studies have found that VitD deficiency can promote the occurrence and development of T2DM and IR, and supplementing VitD can reduce IR [6] [7] [8] . In the adiponectin receptor 2 (AdipoR2) / PPAR-α pathway, AdipoR2, p38 mitogen-activated protein kinase (P38MAPK), and lipoprotein lipase (LPL) are involved in the liver fat deposition and the formation of IR
9
, suggesting that 1,25(OH) 2 D 3 may reduce the accumulation of TG and lipid metabolism disorder through the above pathway, but the specific mechanism is still unclear. Therefore, this study investigated the impact of 1,25(OH) 2 D 3 on the expressions of AdipoR2, p38MAPK, and LPL in the liver of the rats with T2DM, aiming to provide new ideas for preliminarily investigating the impact of 1,25(OH) 2 D 3 on the TG content in such rats' liver as well as for the prevention and treatment of diabetes and HTG.
(kg·d), 7 times) every other day into the site slightly leftward to the linea alba in the lower abdomen (the needle tip was sticked into the skin from the lower abdomen toward the head direction, and when the needle reached the subcutaneous tissue, it should be pushed forward for another 3~5 ml so that the needle can puncture into the abdominal muscle with forming 45° with the skin. When the needle passed through the abdominal muscle, the resistance will disappear). Kept the needle static at this position, and withdrew the syringe, and if no blood or urine appeared, the drug can be gently injected with a certain speed, and after the drug was completely injected, the injection site should be pressured so as to prevent the flow-out of the drug. 2 weeks later, all the rats were killed after the experiment finished.
Detection of TG and blood glucose content
The enzyme colorimetric assay was then used to detect the liver TG and blood glucose content (the kit was purchased from Roche, USA).
Reverse transcription polymerase chain reaction (RT-PCR)
The total RNA was extracted from the liver tissue, and 1.5 μg of the total RNA was used as the template for the reverse transcription reaction. The total reaction volume was 20 μL. The primers (Table 1) of AdipoR2, p38MAPK, LPL, and β-actin (internal reference) were synthesized by TaKaRa as follows:
Procedures: reaction conditions: pre-denaturalization at 95°C for 57 min, denaturalization at 95°C for 38 s, annealing at 58°C ~ 75°C for 30s, extension at 72°C for 2 min, for 28~33 cycles, extension at 72°C for 5 min. In order to correct the errors, this study used the housekeeping gene β-actin as the internal reference, and the relative content of the target gene was obtained by dividing the average copy number of the target gene of the sample by the average copy number of the internal reference gene of this sample. The copy number of the template in samples can be calculated according to its related SDSgenerated Ct value from the standard curve. 
Western blotting
The liver tissue was collected and quantified by the bicinchoninic acid (BCA) method. 30 μg of the protein was firstly performed 12% polyacrylamide gel electropheresis (PAGE); after the electrophoresis, the products were transferred onto one polyvinylidene fluoride (PVDF) membrane, followed by overnight incubation with the primary antibodies of β-actin, AdipoR2, P38MAPK, and LPL (dilation rate 1:2000, CST). The dilation rate of the secondary antibodies was 1:1000. The products were then performed enhanced chemiluminescence with the ECL solution for 1 min, followed by exposure in one gel imaging instrument.
Statistical analysis
SPSS19.0 was used for the statistical analysis. The data were all expressed as ( x ± s). The normally distributed data were then compared by using one-way ANOVA; the intergroup comparison of the gene and protein expressions of AdipoR2, p38MAPK, and LPL, as well as the TG content adopted the LSD-t test when the data exhibited homoscedasticity or the Dunnett'3 test when the data exhibited unequal homoscedasticity (P < 0.05 considered as statistical significance). and TG is no significant change between (VitD+SB203580+DM)group and T2DM group, but the levels of TC, LDL-C, and HDL-C showed no significant change (P > 0.05). There was no significant difference in TG, TC, LDL-C, HDL-C, body weight, and blood glucose between Group VitD+SB203580+DM and T2DM (P > 0.05). 3) Compared with Group VitD+SB203580+DM, the body weight and blood glucose in Group VitD+DM showed no significant difference (P > 0.05), the TG level was significantly reduced (t =2.543, P < 0.05), but the levels of TC, LDL-C, and HDL-C showed no significant change (P > 0.05) (Tables 2 and 3) . 
■ Results

Comparison of body weight, blood glucose, and TG
Gene and protein expressions of AdipoR2, p38MAPK, and LPL and liver TG content
1) Compared with Group CON, the gene and protein expressions of AdipoR2, p38MAPK, and LPL in DM model rats were significantly decreased (P < 0.05), while the TG content was significantly increased (P < 0.05). 2) Compared with Group T2DM, the gene and protein expressions of AdipoR2, p38MAPK, and LPL in Group VitD+DM were significantly decreased (P < 0.05), while the TG content was significantly increased (P < 0.05). 3) Compared with Group T2DM, the gene and protein expressions of AdipoR2 in Group VitD+SB203580+DM showed no significant difference (P > 0.05), the gene and protein expressions of p38MAPK and LPL were significantly decreased (P < 0.05), but the TG content showed no significant difference (P > 0.05). 4) Compared with Group VitD+DM, the gene and protein expressions of AdipoR2, p38MAPK, and LPL in Group VitD+SB203580+DM were significantly decreased (P < 0.05), while the TG content was significantly increased (P < 0.05) (Tables 4 and 5, Figure 1 ). 
■ Discussion
In recent years, lipotoxicity -induced diabetes has attracted more and more attention, especially HTG-induced liver lipid deposition, which is an important reason for promoting IR
10
. 1,25(OH) 2 D 3 can improve IR, enhance insulin sensitivity, and reduce lipid deposition in the liver 11 , but its specific mechanism is still unclear. Low level of 25(OH)D is one risk factor of T2DM
12
. APN is a fat factor specifically secreted by the adipose tissue, and its level in the circulation is closely related to insulin sensitivity. As one of the receptors of APN, the expression of AdipoR2 is the highest in the liver, and after APN binds with it, its physiological roles can be activated, thus activating the peroxisome proliferator-activated receptor (PPAR-α) and resulting in energy consumption and fatty acid oxidation 13 . P38MAPK is a member of the protein serine / threonine kinase family widely distributed in vivo, and p38MAPK activation is also involved in the fatty acid metabolism in the liver. Lipoprotein lipase (LPL) is a classic lipid metabolic enzyme, and its main physiological functions are to catalyze the breakdown of TG-rich lipoproteins, chylomicrons, and very-low-density lipoprotein to form fatty acids and monoglycerides, thus providing energy for tissue oxidation and regulating lipid metabolism 14 . The impact of 1,25(OH) 2 D 3 on the expressions of AdipoR2, p38MAPK, and LPL (key genes in the AdipoR2 / PPAR-α pathway) and TG content in the liver has not been reported in China and abroad. In this study, we established the T2DM rat model that complies with the human clinical characteristics, and observed the impact of 1,25(OH) 2 D 3 on the expressions of AdipoR2, p38MAPK, and LPL and TG content in the liver so as to preliminarily investigate the protective effect and mechanism of 1,25(OH) 2 D 3 toward the liver in T2DM rats.
The results of this study show that 1,25(OH) 2 D 3 can increase the expressions of AdipoR2, p38MAPK, and LPL in rat liver tissue, decrease the TG content, and reduce the lipotoxicity. It is speculated that 1,25(OH) 2 D 3 has certain protective effect on the liver in T2DM rats, consistent with previous studies which reported that high-fat diet downregulate the AdipoR2 mRNA expression in the liver tissue 15 . The expression of AdipoR2 and TG content in Group VitD+SB203580+DM shows no significant difference to Group T2DM, but the expressions of p38MAPK and LPL were reduced; however, the expression of AdipoR2, p38MAPK, and LPL in Group VitD+SB203580+DM are significantly reduced than Group VitD+DM, but the TG content is significantly increased. Therefore, it can be speculated that VitD may upregulate AdipoR2 and activate P38MAPK and the PPAR-α signaling pathway, thus improving liver steatosis and IR, consistent with the results of Tanabe et al. 16 . The expressions of these three genes in the liver of Group VitD+DM were significantly higher than Group T2DM, but the TG content is significantly reduced, so it also indirectly confirms that VitD can reduce the TG content in the liver tissue. When AdipoR2 is upregulated, it will activate the PPAR-α signaling pathway and act on the glucose and lipid metabolism-related enzymes, thereby enhancing the liver uptake of glucose 17 . Anderson also demonstrated that the activation of p38MAPK can prevent the accumulation of fat in the liver under high-fat feeding conditions 18 . P38MAPK can activate PPAR-α, increase the activity of transcription factor PPAR-α, thus exhibiting the roles of promoting the oxidation of fatty acids and reducing the TG content in the liver 19 . PPAR-α is a ligand-activated hormone receptor, highly expressed in the liver, skeletal muscle, kidney, and heart, can directly stimulate the gene expression of LPL in the liver and macrophages, thereby promoting the hydrolysis of TG [20] [21] [22] . As a key factor in regulating the level of TG, if the activity of LPL is decreased, it will result in the extension of the clearance time of LDL and increase the TG level. The in vivo LPL activity in T2DM patients is normally decreased, so they often combine with HTG.
In summary, lipid metabolism disorder in T2DM patients can produce lipid toxicity; the resulted fat deposition can thus increase IR, reduce the expression of p38MAPK, and then inhibit the expression of LPL; meanwhile, the level of APN and AdipoR2 will be reduced, so that insulin sensitivity will be decreased, and lipid metabolism disorder and IR are then aggravated. Our study reveals that actively supplementing VitD can reduce the TG content in the liver tissue and improve lipid metabolism disorder. The mechanism may be explained as upregulating the expressions of AdipoR2, p38MAPK, and LPL in the liver tissue, thereby reducing the TG content and reducing IR. Therefore, we speculate that active supplement of VitD in diabetes patients may have very important roles in preventing and treating lipid metabolism disorder and IR, but its specific mechanism still needs further investigation.
■ Conclusion
1,25(OH) 2 D 3 can decrease the content of TG in the liver, and its mechanism may be achieved by upregulating the expressions of AdipoR2, p38MAPK, and LPL in the liver. 
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